The Inverse Distance Weighing (IDW) technique for rainfall interpolation considered by researchers as a suitable method for predicting missing rainfall records was used to estimate missing rainfall records in River Kaduna Catchment area from [1979][1980][1981][1982][1983][1984][1985][1986][1987][1988][1989][1990]. Distances among respective rainfall stations were used to calculate the weighing factor for stations with missing records and radius of influence of 22.5-201km. The Root Mean Square Error (RMSE) was used to test the accuracy of the assessment and the results were validated using correlation coefficient. From the results of the analysis through optimization of steps of α values and radius of influence, the smaller the optimum parameter value the better the prediction and in most cases the accuracy increases at short optimum search radii, also small amount and long duration rainfall values enhances the prediction potential of the IDW.
INTRODUCTION
Rainfall is a highly important data which is frequently required for water resources management, hydrological and ecological modelling, recharge assessment and irrigation scheduling [1] . Rainfall data are normally recorded as observation data through designed station networks. Rainfall records or data according to [1, 2] often have significant portion of the records missing due to insufficient station in the region or failure of recording system that need to be estimated. Recently, Global Climate Models (GCM) are widely used for assessing the response of climate systems to change in atmospheric forcing [3] . Several methods of obtaining rainfall pattern and distribution over a watershed are available which include the traditional methods comprising Thiesson polygon, Isohyital and Average mean methods. However there are now more advanced methods such as Inverse Distance Weighing (IDW), Kringing, Proximal, B-spline, Farrier Series etc, but the biggest concern among researches according to [4 -7] is to identify which method is the most suitable to interpolate data, for this reason [8] [9] [10] Identified the IDW and several types of Kriging as the most promising technique for rainfall interpolation.
There are many varieties of spatial interpolation techniques and they can be categorized into three based on the interpolation methods and the scale of application. The first category is the nearest neighbourhood (NN), Thiessen polygon, spline and various forms of Kringing and IDW, which are frequently used in interpolating rainfall data from gauged stations [11] [12] [13] [14] . These interpolation methods are relatively simple, require relatively little input data. The second category uses ancillary data such as satellite imaginary and digital elevation models along with wide ranging station data for the interpolation process of rainfall prediction at large scale as demonstrated in [15] [16] [17] . The third category forecast rainfall based on complex interpolation models such as fuzzy reasoning methods and artificial neutral networks presented in [18] [19] [20] . The aim of the study is to apply the Inverse Weighing Method (IDW) technique of rainfall interpolation to predict missing rainfall records in River Kaduna Cathment.
2. THE STUDY AREA Kaduna river catchment (Figure 1 ) has a total drainage area of approximately 18,244.87km 2 , within the catchment, there are seven meteorological data collection points located at Kaduna North, Kaduna South, Zaria, Zonkwa, Kaura, Saminaka, and Kangimi. The amount of rainfall is usually measured by means of a rain gauged which is essentially a circular funnel with a diameter of 203mm which collects the rain in a graduated and calibrated cylinder. This study is focused on River Kaduna which takes its source from Sherri Hill in Plateau State. River Kaduna flows northwest towards the Kaduna metropolis and thereafter takes a south west direction turn at Mureji. River Kaduna covers a total distance of 540km from source to mouth [21] . Kaduna State which occupies a central position in the Northern geographical region of Nigeria and also lies within the Northern Savana Zone of Nigeria is located on latitude 9 0 30'N and latitude 11 0 45'N; longitude 7 0 E and 8 0 30'E. It covers a total land mass of 2,896,000km 2 3. DATA AND METHODS Precipitation in the study area has an uneven spatial and temporal distribution. The average annual precipitation is usually below 300mm. The rainfall is mostly concentrated between May and September. In the Kaduna river catchment area, there are seven (7) meteorological data collection points located at Kaduna North, Kaduna South, Zaria, Zonkwa, Kaura, Kangimi and Saminaka (Fig 1) . Historical observation of rainfall data was required to interpolate spatial rainfall using IDW [22] . Hence, the annual rainfall data of 12 years from 1979 to 1990 were adopted in the study.
Inverse Distance Weighing (IDW)
The IDW, widely recommended by [10] . The method estimate the unknown cell values in output surface by averaging the values of all input sample data points that lie within the specified search radius. Daily, hourly yearly etc. rainfall data for a region with station coordinates (Latitude and Longitudes) are input into the model. The method involves the process of assigning values to unknown points by using values from a set of known points, IDW can be used to estimate unknown spatial data from known data of sites that are adjacent to unknown site [2] [10] . The IDW formula could be defined as; ∑ ∑ Where is the unknown rainfall data (mm); is the known rainfall data (mm); N is the number of rainfall station; is the weighing of each rainfall stations; is the distance from each rainfall station to the unknown site; α refers to the power and is also the control parameter. 
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The weighing factor used for calculating rainfall in equation (1) is; 3 where is the station with the record closer to the station that was estimated and is the next closer station. The optimum parameter α is the optimal number of rainfall stations close to the objective rainfall station (Table 3 ). The IDW model equation (equations 1and2) was applied to estimate the missing records. The optimum parameter α and the search radius of the IDW were used as control parameters for the IDW model formula. The results were all validated using correlation coefficient r.
Model Testing
The accuracy of the IDW model was is tested using the Root Mean Square Error (RMSE). It evaluate the difference between the values predicted or estimated by the model and the actual observed values.
Furthermore, the correlation coefficient r was also used for evaluating whether the estimated data fits observed data or not. The formulas for RMSE and r are given as;
Where refers to the spatial rainfall values interpolated using IDW in the unknown station i;
is the observed rainfall data in the known station i; n is the means number.
Interpolation Technique
To interpolate the missing rainfall by IDW model, seven (7) rainfall recording station within Kaduna River catchment were used. Kaduna North rainfall station with no missing for the period (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ) is considered as the index station while the remaining stations with most part of record missing for the period under review namely; Kaduna South, Zaria, Kangimi, Kauru Saminaka and Zonkwa were the unknown stations. Within the study period, there are existing records for the stations as follows; Kangimi in Kaduna North LGA (1981, 1982, 1983, 1984) , Kaduna South in Kaduna South LGA (1986, 1988, 1989, 1990 ), Zaria in Zaria LGA (1986, 1989, 1990 ), Saminaka in Lere LGA (1986, 1989 ) Kauru in Kauru LGA (1986, 1989) and Zonkwa in Zangon Kataf LGA(1989). Table 1 shows the estimated distances in km among the respective rainfall station used to calculate the weighing factor for the stations in Table 2 . The radius of influence was determined from the drainage map (22.5km-210km), similarly distances within the stations were traced from the drainage map in Fig 1. (Table 1) , located on River Catchment are the unknown stations and the missing data were estimated in sequential order using IDW model formula and optimum parameter α -4. Each station was estimated individually using the observed data within the individual station search radius. The optimum parameter of the IDW, α, optimum search radii (O.S.R) and RMSE were calculated, the accuracy of the IDW technique was checked by validating the estimated results using correlation coefficient and the results shown in Table 3 . Figure 2 , from the accuracy of the estimation and validation it can be observed that increase in RMSE has a better correlation between interpolated and observed rainfall. As the α value approaches one, the RMSE increases this showed that minimum variation at smaller α values irrespective of the number of rainfall stations used for the interpolation The IDW technique is a suitable method for rainfall interpolation on condition that optimum parameter and search radius must be measured. Finally the River Kaduna area was assigned missing records as shown in Fig 3. 5. CONCLUSION In this study, two major findings can be established, by using the IDW for interpolating spatial rainfall. First the predicted accuracy of rainfall interpolated can be improved through the α value adjustment and secondly the number of known rainfall station is an influential parameter in most cases the predicted accuracy increase with increasing number of known station, and at short optimum search radii. Finally the smaller the amount of the rainfall value, the better the prediction potential of IDW. 
RESULTS AND DISCUSSIONS Six rainfall stations

